Indicators of Climate Change in
California

September 9

Sacramento, CA

:;

fflce of‘?ﬂvwonmental Health Hazard AssessmentffZ =\
California Environmental Protection Agency g\ 4




California’s climate change story
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Purpose

summarize the indicators

*To examine the indicator relationships and
present the trends and status of climate
change in California based on observational
data



Greenhouse gas emissions have

Increased

Total Greenhouse Gas Emissions in CO, Equivalents: 1990 - 2004
(Based on IPCC Second Assessment Report 100-year Global Warming Potentials)
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Source: Karen Lutter, Air Resources Board 2008




...as have ambient CO, levels

Trinidad Head

Point Arena

LaJolla

California carbon dioxide
monitoring locations

Source: Lawrence Berkeley
Laboratory, 2007

CO, concentration

Monthly average atmospheric carbon dioxide concentrations
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California’s temperatures have increased,

with minimum temperatures rising faster

Statewide Annual Temperature
Departure from Average
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California’s extreme heat temperatures

have Increased

SUMMERTIME* MAXIMUM TEMPERATURE
(averaged over 95 stations)
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Source: NCDC, 2007 (data); Gershunov, 2008 (analysis)



Annual precipitation has stayed the
same

Statewide Annual Precipitation (July-June)
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Source: Laura Edwards , John Abatzoglou, Desert Research Institute 2008



Climate Change:
Sierra Nevada



Lake Tahoe’s waters are

warming

Annual Average Daily Temperature of Lake Tahoe

Temperature, °C
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Sierra Nevada glaciers have decreased in size

Lyell
Glacier |
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Spring snowmelt runoff has been declining

Sacramento River Spring (April to July) Runoff

(im percent of Water Year Rumoff)
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Source: Maurice Roos, Department of Water Resources 2008

Snowpack water content has stayed the same

Statewide April 1 Snowpack Water Content
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Source: Michael Dettinger, Scripps Institute of Oceanography 2008



Large wildfires are becoming more frequent

wildfire frequency
O

Wildfire frequency and mean March-August temperature
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Source: Tony Westerling, et al., University of California Merced 2007



Tree deaths in the Sierra Nevada have

Increased

Tree mortality in the Sierra Nevada
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Certain plant and animal species are
changing elevations

 Alpine and subalpine plant changes

are being tracked.
Global observation research initiative in
alpine environments (GLORIA)

Source: Constance Millar, USDA Forest Service 2008



Climate Change:
Central Valley



Chill hours have declined

Winter chill in Orland, CA
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Source: Baldocchi and Wong 2007



Delta water temperature has
stayed the same

Daily Water Temperatures
(measured at the Clifton Court Station)
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Central Valley butterflies have been appearing
earlier in the spring and bird migration arrival

times are changing

First Spring Fliight of Central Valley Butterflies Wilson's Warbler
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are blooming earlier

Source: Kim Nichols Cabhill, Stanford 2008

Forest vegetation Is contracting
upslope

Source: James Thorne, University of California Davis 2008
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Sea levels and surface temperatures have increased

Source: Maurice Roos, Binta
Coleman, Department of Water
Resources 2008

Source: Frank Schwing, National
Oceanic and Atmospheric
Administration 2008

Golden Gate Gage 9414290

Golden Gate Annual Average and 19-Year Mean Tide Levels
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Dissolved oxygen levels in the Southern

California Current are declining

Dissolved oxygen levels off the coast of San Diego
(at 200 m depth)
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Copepods populations are changing
g 7

Source:

| Increased variability year to
w year
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Cassin’s Auklet breeding
success has become

more variable
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Source: William Sydeman and Jaime Jahncke,
based on data from Point Reyes Bird Observatory 2008



Human health impacts are harder
to discern

temperature and mortality

Source: Rupa Basu and Bart Ostro, Office of Environmental Health Hazard
Assessment 2008

Mosquito-borne diseases are under investigation
and the results are unclear

Source: William Reisen, University of California Davis 2008



California’s Story




Indicator evidence of climate change

Impacts date back to:

Early 1900’s
glaciers
minimum air temperatures
sea level rise
ocean temperature warming
forest vegetation patterns

Mid 1900’s
snowmelt runoff
winter chill hours
extreme heat events
Lake Tahoe water warming
butterfly flight

Late 1900’s to 2000’s
ocean oxygen concentrations
tree mortality
large wildfires
Cassin’s Auklet
bird migration
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Certain plant and animal species are now

found at higher elevations.

Shifts in small mammal elevation range in Yosemite National Park
Expansion Contraction
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Air Temperature by

County Population

Average Temperature at 65 California Stations
Stratified by 1990 County Population
Large over 1 Million, Small less than 100,000
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Bird migration arrival times are changing.

Days since Vernal Equinox (Spring)

Swainson's Thrush

Spring arrivals

Wilson's Warbler

Days since Vernal Equinox (Spring)
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Wine grapes are blooming earlier.

Pinot Noir Bloom
Saintsbury Home Ranch, Napa side of Carneros
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Forest vegetation Is contracting upslope.

Ponderosa Pine Transition

B Ponderosa Pine, 1930s
I Conifer Forest, Modern
[[] wieslander Survey Extent

Photo Source: USDA FS NW Region, 1997 [ Yosemite National Park
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